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A Note to Readers
2012
This volume is part of a Bulletin Series inaugurated by the Yale School of
Forestry & Environmental Studies in 1912. The Series contains important
original scholarly and applied work by the School’s faculty, graduate
students, alumni, and distinguished collaborators, and covers a broad range
of topics.
Bulletins 1-97 were published as bound print-only documents between 1912
and 1994. Starting with Bulletin 98 in 1995, the School began publishing
volumes digitally and expanded them into a Publication Series that includes
working papers, books, and reports as well as Bulletins.
To celebrate the centennial of publishing at the school, the long out-of-print
Bulletins 1-97 were scanned to make them available as pdfs to a broader
audience. A caution: the scanning process is not perfect, especially for print
documents as old as some of these, so the readers’ indulgence is requested for
some of the anomalies that remain despite our best efforts to clean them up.
Everything published from 1912-present is available on the School’s website
(http://environment.yale.edu/publications) for free download. Nothing
in the Series requires copyright permission for reproduction when intended
for personal or classroom use.
Bound copies of everything published in the Series from 1912 to the present
are also available in the Yale University libraries and archives and can best
be accessed by contacting the School of Forestry & Environmental Studies
librarian.
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PROFESSOR JAMES W. TOUMEY, author of this report, died at his
home in New Haven on May 6,1932, aged 67 years. As he was ill
for only a short time, he had had opportunity to read and revise
the proof sheets of this bulletin, the thirty-third in a series begun
in 1912. It is worthy of note that, of these publications, Professor
Toumey was author or co-author of eight, while seven others represent the work of his students.
It seems particularly appropriate that Professor Toumey's final
contribution to this series should be a summation of the various
activities, so largely his own, on the Yale Forest near Keene,
New Hampshire. It is in reality the story of his own competent
and enthusiastic labors in developing an experimental and demonstration forest which serves equally well as an object lesson to
growers of timber and as a natural laboratory for scientific investigations.

FOREWORD
termination of the volume and yield of the Forest. Lawrance W. Rathbun,
Forester for the Dublin Associates, Dublin, New Hampshire, compiled the
data on expenditures and receipts and prepared the material relating to
utilization, stumpage, and mill prices. Daniel Pingree, Assistant Forest
Economist, United States Forest Service, Washington, D. C., prepared
the material on valuation and financial rotation.
The collecting of field data, the office work involved in compiling the
field data, the making of the illustrations, and the printing and distribution of this bulletin were made possible by special funds provided by contributions from the Charles Lathrop Pack Foundation and by gifts from
Irving W. Bonbright and Starling W. Childs, B.A. Yale 1891.
JAMES

x

W.

TOUMEY

YALE DEMONSTRATION AND RESEARCH FOREST
Each year a group of students, mostly candidates for the Ph.D. degree
in forestry at Yale University, are stationed on the Forest where each is
engaged, under the guidance of the Director, in investigating some particular problem relating directly or indirectly to forest production.
LOCATION

T

HE Forest is in Cheshire County, New Hampshire, 1,149.3 acres
located between Keene and West Swanzey on the Winchester highway
(Route No. 10), and 199.6 acres, known as the Burt pasture, in the towns
of Westmoreland and Walpole, some ten miles northwest of Keene. The
nearest border of the Swanzey-Keene area is within two miles of Keene, a
flourishing New England town of 13,000 inhabitants. Its southern boundary is the Ashuelot branch of the Boston and Maine Railroad and the
Ashuelot River. Swanzey station is within a quarter of a mile from the
southern border, and the state highway (Route No. 10), which passes
through the area from southwest to northeast for a distance of two and a
half miles, is the main artery of highway travel from the south into the
White Mountains (Plate I). Other public highways that border or pass
through this area are the Loveland road, the Sawyer's crossing road, the
Basehill road, and the Matthews road. These roads, together with the
Winchester highway, provide 6.3 miles of well-maintained public roads
which border the Forest or pass through it. In addition to the public highways there are twenty-seven miles of permanent woods roads and trails
within the Forest which make it possible to reach all parts of the area
easily and quickly for purposes of demonstration, protection, and operation.
ENVIRONMENTAL CONDITIONS AFFECTING
THE FOREST

T

HE various factors of the environment that form a background for
the description of the Forest and the analysis of the Forest communities, as well as for the silvicultural practice, relate to (I) climatic conditions, (2) physiographic conditions, and (3) biotic conditions.
CLIMATIC CONDITIONS

The mean annual temperature at Keene, 1916 to 1928 inclusive, was
45. 1 3° F., and the mean annual precipitation over the same period was
2
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soils the organic matter is fairly well decomposed and somewhat intermixed with the mineral soil. These soils are black to dark brown in color
and have a marked acid reaction. They are fairly fertile and respond to
drainage.
BIOTIC CONDITIONS

The Forest as it is to-day has not only been influenced in its origin and
successional stages by the climatic and physiographic factors of the site,
but it has been greatly modified and changed in its course of development
and brought to its present condition as to composition by certain biotic
factors.
Under existing conditions of climate and soil, the reaction for growing
space or competition has excluded certain species to the advantage of
others. The advantageous and disadvantageous reactions among the trees
and other plants in the Forest have often been deciding factors in affecting
the local distribution and the formation of tree communities. In general,
within the natural range of a species such as white pine or red oak, its
local occurrence often is determined by competition.
So also the manifold activities of man through cultural and other operations have profoundly modified the existing forests. The present forest
communities are not, therefore, natural associations, but are more or less
cultural. The above in particular applies to this Forest. Man's activities
in clearing the land, in lumbering, in causing forest fires, and in introducing .pests have largely resulted in changing the natural forest communities and have kept them from replacement in kind.
The introduction of pests is an important influence of man on the forest
communities. Thus the white pine blister rust (Gornartium -ribicola Fisch.)
is a serious obstacle to the continued production of white pine without the
periodic eradication of the various species of Ribes which are the alternating hosts for this rust.
The selective browsing by deer has to a certain degree changed the composition of some stands. Thus in mixed stands of white pine and red pine
under four to six feet high, deer occasionally take the leaders and the ends
of many of the side branches from white pine, while red pine is not
browsed. Nearly 94 per cent of the leaders in a white pine plantation on
the Forest were destroyed by deer during the winter of 19 2 3.
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REGIONAL FOREST VEGETATION
ROM the beginning of settlement, white pine has been the leading
commercial timber tree of southern New Hampshire. The remnants of
old growth forests that remain, however, are usually without this species.
A notable exception is the Mount Pisgah Forest some fifteen miles southwest of the Yale Demonstration and Research Forest. This forest is
reached from the village of Ashuelot over a woods road. It is some three
or four miles from the village and is a Hemlock-White pine-Hardwood
climax.
The region within which the Demonstration and Research Forest lies is
representative of the white pine area of southern New Hampshire. White
pine is generally distributed throughout the region, varying from pure
stands and mixed stands on sandy soils and on abandoned farms (Plate
I) to areas with only an occasional pine per acre on rocky elevations and
on the better soils of valleys and lower ·slopes (Plate 2). The principal
associates of the white pine on coarse sandy soils and abandoned farm
lands are weed species such as gray birch and red maple (Plate 3). The
natural stands of white pine are intermingled in places with red pine
(Plate 4) and pitch pine. The pine stands are often relatively even-aged
and very dense (Plate 5). Sometimes, however, they form irregular allaged stands in which the older trees are often short with little or no clear
length.
Natural reproduction on the sandy soils is easily attained as there is a
scanty litter and a sparse growth of competing hardwoods. Frequently gray
birch appears on these soils in dense stands shortly after logging (Plate
6). In time, however, some of the pine reproduction overtops the birch, and
the latter disappears. Early weedings are highly advantageous because
of the slow growth of the pine beneath the pirch. Although these coarse
sandy soils are level and relatively free from stones, they are unsuited for
agriculture and for growing oaks, ash, and other more exacting hardwoods. They are best adapted to the growth of pine, particularly red pine.
White pine is much slower in growth on these soils and the quality of the
wood is poor. Market gardening is successful when a liberal dressing of
fertilizers is applied annually.
Gray birch, intermingled with paper birch and to some extent with other
hardwoods, is found almost everywhere in this region on abandoned farm
lands and on most other upland soils, with the exception of the higher ele-

F
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vations such as West Hill. Many of the older stands in which hardwoods
in open stand are dominant have an undergrowth of white pine varying
in the degree of stocking from a few trees per acre to many thousands
(Plate 7). The areas bearing these stands, as a rule, are much more fertile
than the sandy flats and usually are of better quality for the growth of
pine. Hemlock and the more valuable hardwoods, such as red and white
oak and paper birch (Plate 8), are more aggressive and, together with
white pine, form the Hemlock-White pine-Hardwood climax.
On sandy soils and other upland soils of low or moderate elevations,
second growth pine in pure or relatively pure stands is common and provides the larger part of the present annual cut of pine. Areas of more
abrupt topography and overwet areas are usually without pine except as
scattered individuals forming but a small percentage of the stand.
On the areas of more abrupt topography the soil varies in quality, depending primarily on its depth. The best soils are found in the welldrained, narrow valleys and ravines and on the lower slopes; intermediate
soils, on the upper slopes and rounded ridges where the soil is only maderately deep; and the poorest soils, on the upper slopes and narrow ridges
where it is thin. Poor soils are also characteristic of poorly drained, overwet sites.
Although white pine is found with many associated species on all of the
above sites, it is found in naturally pure stands without silvicultural
treatment only on very limited areas. Elsewhere it has been planted or
established by weedings and release cuttings. On the highest elevations and
·on the upper northern slopes the pine is replaced by red spruce which, in
places, forms dense, even-aged, pure stands, often stagnating due to overdensity and non-differentiation in height and diameter. The spruce also
replaces the pine in softwood swamps, where it appears in mixture with
balsam and larch in considerable quantity (Plate 9). On nearly all upland
soils of low and moderate elevations, with the exception of sandy flats,
hemlock accompanies the pine. It is also abundant on wet sites where the
water is not stagnant.
The hardwood species that are associated with the pine and hemlock at
low elevations vary more or less with site quality. In general, however,
they combine with the pine and hemlock to form the typical HemlockWhite pine-Hardwood type, which here reaches its northern extension. The
principal hardwood species of this type are white and red oak, red maple,
and paper birch. In places the paper birch is abundant and is economically
8
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the most valuable species in the stand. At the higher elevations the typical
Hemlock-White pine-Hardwood type noted above gives way to the Northern Hardwood type, the principal species of which are sugar maple, beech,
paper birch, red oak, yellow birch, basswood, white ash, black birch, black
cherry, red maple, and poplar. This type (Plate 10) is characteristic of
northern New England.
The white pine in both of the above types is exceedingly variable in
amount, but is usually of high quality because of its admixture with hemlock and hardwoods. It generally forms but a small percentage of the ·stand,
although it may be relatively pure over limited areas.
Under stands representative of the typical Hemlock-White pine-Hardwood type, as noted above, the woody undergrowth is chiefly Ericaceous
shrubs such as the high bush and low bush blueberries (Vaccinium corymbosum L. and V. pennsylvanicum Lam.). The dominant species in the
ground cover are bracken (Pteris aquilina L.), trailing blackberry (Rubus
hispidus L.), wintergreen (Gaultheria procumbens L.), and numerous
ferns and herbs that vary in number and in species depending on the
moisture of the site and the character of the overwood. Surface vegetation is usually absent under fully stocked stands when pine, hemlock, or
the two species in mixture form a large percentage of the stand. It is more
abundant and in the greatest variety as to species when poplar is a considerable part of the stand. Under the more typical Northern Hardwood
type, the woody undergrowth is largely witch hobble (Viburnum alnifolium
Marsh.). The dominant species in the ground cover are mosses, ferns, and
various herbs.
The swamps are both peat and muck. The former are stagnant or
poorly drained and are entirely open or bear slow-growing open stands of
larch, black spruce, and balsam. They have little or no present economic
value. The muck swamps, on the other hand, have a much better decomposition of the organic matter in the soil, and the trees as a rule make
rapid growth and attain large size. Many of these muck swamps have
spruce, larch, and balsam in dense stands of considerable value. The
undergrowth is usually a mat of yew (Taxus canadensis Marsh.) and
skunk currant (Ribes prostratum L'Her.). Others have hardwood species
such as red maple, black ash, and elm. Alder thickets appear in muck
swamps where the overwood is absent or sufficiently open.
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LOCAL FOREST VEGETATION

T

HE tree population of the Forest can be considered taxonomically,
i.e., with reference to the species growing therein and their distribu..
tion, and ecologically, i.e., with reference to units or types of varying de..
grees of magnitude. In the former case, single trees are considered as in..
dividuals. In the latter case, the tree communities are considered as unities.
Taxonomically considered, forty-six species of woody plants that attain
tree size and form in some part of their range are indigenous to the Forest
(Table IV). The tree species are listed under their common and scientific
names and arranged in accordance with their abundance and frequency.
Abundance is listed in three classes, viz., abundant, intermediate, sparse.
Frequency is also listed in three classes, viz., frequent, intermediate, occa..
sional. The former is an index of the number of individuals of each species
in the Forest. The latter is an index of the number of places where a
species is found and the uniformity of its distribution. An abundant species
may be confined to a relatively few places. A frequent species may be few
in the number of individuals but found in many well-distributed places.
Although the species of indigenous trees commercially important are
relatively few, the total number of species is relatively high. In this Forest
the commercially important species and those which do not attain tree size
are marked in the table.
The white pine is by far 'the most important commercial species from the
standpoint of the acreage of growing stock, the existing merchantable volume, and the stumpage value per unit of volume. The hemlock among the
softwoods is next in importance from the standpoint of merchantable volume, but it is of low stumpage value. The other softwoods are of much less
importance because of their limited distribution and their low merchantable volume. The present areas of indigenous red pine, supplemented by
considerable areas recently planted, will make this species of impo~tance
in the future.
Among the hardwoods, red and white oak and paper birch are the most
important. Sugar and red maple, white ash, black birch, gray birch, and
aspen are much less important commercially.
The classification of the Forest from the standpoint of units of vegeta..
tion or forest communities of varying degrees of magnitude must consider
succession or the development of forest community life from one stage to
another in each of the successional series leading to the climaxes. Two
10
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classes of climaxes are recognized in the Forest, viz., the climatic climaxes
or those of ordinary upland, and the physiographic climaxes or those in
which the succession has become arrested before reaching the climatic
climax. Southern New Hampshire is in the transition zone between the
Hemlock-Hardwood climatic climax of southern New England and the
Northern Hardwood climatic climax of northern New England. Stands
exhibiting each of these climax forms occur in the Forest. The former,
however, includes a variable percentage of white pine and becomes the
Hemlock-White pine-Hardwood climax. The latter, often called the
Beech-Maple-Yellow birch climax, occurs ~n West Hill.
In addition to these two forest climaxes which differ radically in the
species of hardwoods present, there is found in the Forest at least one
physiographic climax where the succession has stopped far short of the
climatic climax. The muck swamps bear an entirely different vegetation
from that of the ordinary upland. Spruce and balsam appear as a physiographic climax of such sites.
Aside from the three climaxes noted above, which may be considered as
permanent forest associations or permanent forest types, a large number of .
temporary associations (associes) or temporary forest types occur in the
Forest. These represent various stages in succession. Among these are
alder thickets and swamp hardwoods \vhich are earlier stages in the development of the Spruce-Balsam physiographic climax, also various stages
in succession, such as gray birch, white pine, and various combinations of
hardwoods and softwoods which are earlier stages in the development of
the climatic climaxes, namely, the Hemlock-White pine-Hardwood and
the Maple-Beech-Yellow birch (Northern Hardwood). These various
climaxes and the many stages in the successional series are often called
forest types or cover types, but as yet with more or less lack of uniformity
in the classification.
As the stands comprising the. Forest are relatively young, chiefly in the
1-20, 21-40, and the 41-6o-year-old age classes, and also because of
previous partial or complete denudation, but limited areas are in the
climax form, the larger part being in temporary forms which, if undisturbed sufficiently long, will reach a climax through succession.
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UTILIZATION OF THE PRODUCTS FROM THE FOREST2
SOCIAL AND INDUSTRIAL CONDITIONS OF

THE

REGION

T

HE Forest lies at the center of a s-mile radius which includes, with
the exception of one town, East Jaffrey, the only equal area in
Cheshire County which has grown in population during the past twenty
years. There has been a marked decline in the population elsewhere in the
county. The small local wood-using industries have progressively declined,
a fact emphasized by the many mill" sites now abandoned. Even in Keene,
progressive and well diversified industrially and the home of 40 per cent
of the county's population, the wood-using industries have declined in
number. The total of the forest products consumed in the last twenty
years has fallen off approximately 50 per cent. Those of long experience
in the business look forward to further decreases in both number of plants
and consumption of timber during the next decade. Although there is a
general feeling, not held by all, however, that there is a plentiful supply
of growing timber, the manufacturers are nearly unanimous, especially in
reference to the softwoods, in the opinion that the quality of the nativegrown stock is getting steadily poorer. It is quite probable that to some
extent the decrease in quality is the key to the difficulties of the local industries. Unquestionably, lower quality means higher manufacturing costs
for the same product. Higher costs prevent successful competition with
competitive materials from outside, which are continually threatening and
progressively replacing the local timber. The only way to raise the quality
of local lumber is to attack the problem in the forest.
Twenty years ago it was the common practice of manufacturers to buy
and hold growing ,timber for future use. The actual management of the
woods operations and the general treatment of the forest were controlled
by the user of the harvested product. At the present time, however, because
of technical difficulties (increased business specialization and competition) and economic difficulties (high taxes on forest properties and small
margin for stumpage or forest products), the manufacturers have come to
regard timberland owning and operating as a separate business and have
been withdrawing from such ownership. Only four of the eighteen com- .
panies within the s-mile radius of the Yale Demonstration and Research
Forest now hold an appreciable amount of timberland, and two of these are
2 This section and the following sections to page
Rathbun.
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to the consumer at the least cost and at the greatest present profit. There is
rarely any thought given to the future of the land as a producing forest,
especially under the temporary ownership of the so-called lumber operator.
Conscious forest management and regulation for perpetuating the forest
growth is entirely lacking, nor is the present system of ownership and
conversion conducive to the development of this attitude.
The resident owner of farm and forest land combined is in a position to
market his forest products under a system which will maintain or even
improve his forest, because of the demand for rough material in the log
and for fuelwood. The number, however, of owners in this class is steadily
decreasing with less farms worked and larger areas going into the hands
of nonresidents. The area of forest land owned by individuals who for
one reason or another are unable to manage their forest operations personally is increasing, and the portable sawmill operator flourishes at the
expense of the forest and its future productivity.
THE FORMS IN WHICH THE PRODUCTS ARE MARKETED

White pine logs are usually cut into 12-foot lengths which are worked
up at local woodworking plants into sawn lumber, box shooks, and bucket
staves. The older timber, from which the better grades can be sawn, is
usually salable at somewhat higher prices for window and doorcasings
and other purposes which require relatively clear material.
As logs for bucket stock are cut into bolts clear of knots, from between
the whorls of branches, the prime requisite is a clear length of twelve or
more inches between the successive whorls. The degree of taper in the
logs is relatively unimportant. On the other hand, when utilized as sawn
lumber, box shooks, and similar purposes, the degree of taper and relative straightness of the logs are much more important than the spacing of .
the whorls of branches.
As a general rule, white and red pine logs having a top diameter of five
inches are marketable. Such small logs, particularly butt logs from small
trees, seldom pay the cost of their removal and, unless there are special
silvicultural reasons, they should not be cut.
Hemlock and pitch pine logs are unmerchantable when less than seven
inches in diameter at the top end; furthermore, they must be relatively
free from excessive taper, crookedness, and large knots. They are usually
sold at the mill for manufacture into common lumber and dimension
stock.
17
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ing are cut into logs whenever they are of suitable size and quality. Logs
are marketable as grade A when the top diameter is eight or more inches
and when they are reasonably straight and free from knots and heart rot.
Defects such as crooks, knots, and heart rot, and, in the case of paper
birch, of red heart, not only may lower the scale, but also may reduce the
price by one third or more at the manufacturing plant. Usually it is more

profitable at present prices to take out only the grade A and the grade B
logs, leaving the remainder of the felled trees in the woods to be worked
up as fuelwood.
The following is from the specifications for hardwood logs3 delivered at
a manufacturing plant in West Swanzey, effective May I, 1931:
NO.1 logs.-Eight inches in diameter at the small end to be the minimum diameter. All No. I logs to be straight, smooth, and free from knots
and to consist of hard maple, red oak, and black, paper, and yellow birch.
NO.2 logs.-Not less than six inches in diameter at the small end and
to cut not less than four 19-inch lengths free from knots and black heart.
Logs that are straight and free from knots but are black-hearted must
have not less than four inches clear wood outside of black heart. To consist
of red oak, sugar maple, beech, red maple, and black, paper, and yellow
birch.
No. 3 logs.-Includes all logs of hardwood not less than four inches in
diameter at the small end and not good enough for No. I and NO.2 logs.

Sugar and red maple, beech, paper and black birch, red and white oak,
white ash, and basswood provide nearly all the hardwood logs cut in
Cheshire County. The cut of hardwood logs in the Forest has been chiefly
red and white oak, paper and black birch.
.
Red oak is preferred to white oak in the local market. Paper birch and
black birch logs are usually in greater demand for local use than other
hardwoods. Red maple logs can often be marketed with birch and beech
and at the same price when not too large a proportion of the total volume.
Sugar maple is in good demand.
All the above species may be delivered at the local sawmills and woodworking plants, or they may be sawn in the forest by portable steam or
gasoline-driven mills that cut 8,000 board feet or less per day. The smaller
8 Humphrey's calipers are used for scaling, and logs are measured for what they
will average for circumference the whole length of the log.
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of these mills are often set up for a cut of 40,000 to 50,000 board feet.
Sometimes they are set up to cut the merchantable timber on areas as small
as two or three acres. As a rule the product of these mills is poorly manufactured and graded, and as a consequence it fetches a lower price than
similar lumber manufactured at stationary mills where there is a better
handling of the product. As a rule hardwood as well as softwood logs are
cut "through and through" at the mills, and the products are sold to the
consumer as round-edged lumber.
Logs are cut throughout the year. The greater part of the cutting, how~
ever, is from December to the following March. The relative proportion
of winter to summer cutting is progressively decreasing in recent years,
due to the increase in the transportation of logs by motor truck and the
corresponding decrease by sleds. The modern practice of keeping the
main highways relatively free from snow in order to facilitate automobile
traffic has made the winter transport of logs on sleds over the highways
impracticable and confines this manner of transport to hauling from the
woods to the highway.
All species that are cut in the woods into 4-foot lengths and sold by the
piled cord are utilized as pulpwood, excelsior wood, fuelwood, and charcoal wood. Pulpwood and excelsior wood are not manufactured locally, but
are hauled by rail and truck to outside markets. Excelsior wood is confined
to poplar, for which there is a limited and uncertain market. Cordwood
for fuel purposes is used in considerable quantities by the local popula..
tion, and there has been a good demand for it because of the closeness of
the Forest to Keene. Very little fuelwood from Cheshire County and none
from the Forest is shipped to outside markets. In recent years the market,
not only in Keene but in the surrounding country, has fallen off because of
the rapid increase in the use of fuel oil.
The hardwood fuelwood cut on the Forest is confined to the tops and
branches of trees utilized for logs, to trees and the parts of trees unmerchantable as logs, and to inferior species. The softwood fuel is entirely topwood and branchwood.
Although beech, hard maple, black birch, and the oaks are the most
sought after for fuelwood, red maple and paper birch are usually accepted
by the consumer at the same price per cord. Softwoods and gray birch, on
the other hand, are more difficult to move as fuelwood and bring less per
cord under ordinary conditions.
As an acceptable and profitable market for fuelwood is the key to good
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silvicultural practice on the Forest, it is of great importance that it be
not further replaced by substitutes.
Because of the more or less extensive stands of gray birch formerly
present on the Forest and the rapid growth of this species, special attention has been given to the utilization of this so-called weed tree. Moreover,
in most instances, the stands of gray birch have an understory of white
pine, brought in by natural seeding or by planting. It is necessary to remove the birch in the silvicultural treatment of the pine. In some instances the birch has been cut into 4..foot lengths and later sold corded in
the woods. In the case of gray birch, unlike that of most hardwoods, it is
imperative to market the product within a few months after cutting. When
cut in the winter and left corded in the woods over summer it becomes infested with a rot-producing fungus and deteriorates to such an extent that
it is unmarketable. Other hardwoods when corded in the woods fetch a
higher price after seasoning for six months or a year.
With the increase of substitutes for fuelwood the market is more selective. It is becoming more difficult to move the inferior species. Bodywood
is preferred to topwood and branchwood. At present the quality of the fuelwood produced has not only an important bearing on the price obtainable,
but also upon whether it can be moved at all at a price that will pay for the
labor expended on it.
Although all hardwoods except gray birch can be cut into 4-foot fuelwood with the expectation of obtaining at least a net of $1 per cord when
sold, gray birch can seldom, under present conditions, be cut into 4-foot
lengths and later sold at a profit. Two to five years ago, however, a profit
of from $1 to $2 per cord was obtained. The practice in recent years has
been to sell gray birch on the stump to members of the local community
who desire to cut their own fuel requirements. Taking one year with another, this has proved to be the most profitable method in removing gray
birch from over the small pine. In some instances the birch has been cut
into polewood and sold in piles in the woods, but this has proved less satisfactory than selling on the stump. In some seasons thirty or more men have
purchased standing gray birch and have cut and removed it from the
Forest. The net profit from these sales has averaged more per cord than
that from the sale of the larger and better hardwoods that were sold in
the woods after cutting into 4-foot lengths.
The general practice on the Forest at present is to sell both softwood
and hardwood logs at the manufacturing plants in Keene and West
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Swanzey, no sale in recent years having been made on the stump. Fuelwood is sold on the stump when a purchaser can be found; otherwise it is
sold in 4-foot lengths piled in the woods.
The only species that has been marketed in the Forest for charcoal is
white pine. In cutting white pine logs the tops and limbs heretofore have
been cut into 4-foot lengths and left piled in the woods for a year to season. The practice has been to sell this seasoned wood at $2.50 to $3
per cord stacked in the woods, which gave a net profit of $.50 to $.75 per
cord. The past year, however, this ·market has been temporarily lost. This
is a matter of great importance in the silvicultural management of white
pine, as the topwood and branches, when left in the woods, cover from 20
to 40 per cent of the surface area and seriously interfere with reproduction.
STUMPAGE AND MILL PRICES

S

OFTWOOD stumpage and mill prices have been very unstable during
the past eighteen years, or over the period for which records of sales
from the Forest are available. There has been a progressive decline in both
stumpage and mill prices since 1922, particularly in the case of softwoods.
Prices for hardwoods have been somewhat more stable. Furthermore, the
buyers of stumpage and of logs at the manufacturing plant are far more
particular as to quality than formerly. Thus, white pine trees in the lower
diameter classes and open-grown trees with excessive taper and numerous
large limbs and short lengths between the whorls of branches can scarcely
be moved at present at any price. On the other hand, a few years ago they
were salable at the mill at a price but little lower than that paid for the
average run of second growth pine. In 1914 white pine logs from the Forest
were delivered in Keene for $9.50 per cord at the same time the price paid
for spruce and hemlock was $8. Good red oak logs brought from $12 to
$14 per cord and other hardwoods, from $10 to $12. At that time the labor
cost involved in cutting the logs and hauling to market was much lower
than in 1930. The cost for cutting softwood logs was $1 to $1.25 per cord
and for hardwoods, $1.50 per cord. Furthermore, the cost for transportation from the woods to the manufacturing plant was correspondingly less.
As a result of increasing labor costs, the stumpage value for both softwoods
and hardwoods is much lower now than formerly.
By 1920 the price of the same quality of white pine logs delivered at
the plant in Keene had advanced to from $14 to $15 per cord and of hem22
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lock and spruce, to from $12 to $14. Hardwood logs, however, had advanced but little in price, selling delivered at local plants for from $12 to
$15 per cord, depending on the species and quality. Peeled spruce and
balsam f.o.b. at Keene sold for from $12 to $14 per cord and peeled
poplar, for $ 1 I.
By December, 1930, the price of local, second growth white pine delivered at the manufacturing plant in Keene had fallen to $8 or $9 per
cord, with a very slow market even at this low price, while other softwood
logs would scarcely move at all. Although the local market for hardwoods
was somewhat better, it was much more selective. The better logs delivered
at Keene sold for $10 to '$12 per cord, while those of second quality were
reduced to $8 or $9 per cord. The price for cutting and hauling was but
little lower than during the peak log prices of 1920-26.
In general, stumpage values have experienced a marked decline during
recent years. On the average the present stumpage value of softwoods in
the Forest is but from 50 to 70 per cent of that five to eight years ago. Although the decline in value of hardwood stumpage is less than in softwoods, the slowness and selectivity of the market are such that few sales
can be made.
Although the general policy of management of the Demonstration and
Research Forest is to cut some softwood and hardwood logs each year, no
cutting was done in 1930-31, not so much on account of the low price of
stumpage as of the selectivity of the log market.
In 1916 fuelwood from the Forest was delivered in Keene in 4-foot
lengths, for $4 per cord for gray birch and $4.50 to $5 per cord for mixed
hardwoods. The net return after paying for cutting and hauling was $.50
to $1 per cord. In 1920 gray birch delivered in Keene sold for from $6
to $7 per cord and mixed hardwoods, for from $7 to $9 per cord. When
cut into short lengths and split, the better grades brought as high as $12
per cord. From 1920 to 192-7 gray birch stumpage sold at prices varying
from $.50 to $2 per cord, depending on accessibility and quality. Mixed
hardwood stumpage, chiefly of maple, oak, and paper birch, sold for $2
per cord. Since the latter date, fuelwood has been progressively more difficult to move. The stumpage price has decreased until, in December, 1930,
it reached its lowest value in many years. One reason for the present low
stumpage value of fuelwood is the high cost for cutting and hauling to
market and the lessened demand. The present (winter of 1930-31) price
for cutting is $2 to $2.50 per cord, and the cost of hauling from the Forest
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These operation and progress maps show the location and extent of
operations year by year over a period of years. The areas operated each
year are delineated on the appropriate map, and the year of operation .is
designated. The net receipts from such operation and the amount of the
product are placed on the map by stands.
The form of record sheet facing this page was prepared in 1930 and records or will record, during the decade 1930-1940, all pertinent data relating to each stand. The record sheets for each compartment form a series
which are put together under their respective compartment numbers. The
form here shown is the record sheet for stand 1 in Compartment 9. These
record sheets, one for each of the 127 stands included in the twenty-one
compartments, are bound in a loose-leaf binder so that when the book is
opened the two pages which record the data of a single stand face each
other.
The map inserted at the end of this volume is a compartment and stand
map on which the cover classes are shown by symbols and the age classes
by letters. The stands in each compartment are numbered consecutively.
Accounts are kept of all general and operating expenses of each compartment and of all operating receipts. A balance sheet at the end of the
year shows the expenditures and receipts from each project by compartments and stands and for the Forest as a whole. Until 1930 these accounts
were kept by purchase lots. The accounts relate only to the operation of the
Forest as a going business. Other accounts are kept of expenditures for
public relations work and for research. The detailed account of expenditures and receipts for operation by purchase lots, from 1913 ~o 1930 inclusive, is shown in the Appendix.

PROTECTION FEATURES

T

HE Forest, located as it is near a center of considerable population
and intersected by four public highways, requires a well worked out
system of forest protection, particularly against trespass and for fire prevention. Efficient protection also is required against numerous natural
enemies, such as insects and fungus diseases, which at times may threaten
the forest crop.
Forest fires are the greatest danger to the forests in most parts of New
Hampshire. The State Department has shown that from 1911 to 1923 the
area burned over was 167,275 acres, or an annual average of 12,867 acres.

26

PROTECTION FEATURES
During this period, $1,157,13° was expended by the public in forest fire
prevention and in extinguishing fires. Experience has shown that the forests of New Hampshire are relatively free from the dangers of large con- .
flagrations. The numerous small fires that occur each year, however, amount
in the aggregate to a considerable acreage. During the thirteen years mentioned above the annual damage varied from $37,427 to $290,000, and the
area burned over, from 3,252 to 35,376 acres.
Although forest fires occur each year in Cheshire County and in the
towns of Swanzey and Keene, experience over a period of eighteen years
shows the Demonstration and Research Forest to be an area of relatively
low fire risk. The most extensive fire since 19 I 3 burned over but five
eighths of an acre. Records kept since then show that there have been only
five fires on the property, four of which occurred near public highways and
one near a woods road. Of these fires, two started on adjacent land but
reached the Forest before being extinguished. The other three originated
on the Forest and were probably caused by picnickers and hunters throwing down unextinguished cigar and cigarette butts. All were extinguished
very soon after starting. The aggregate area burned over in eighteen
years is less than two acres. .
As a rule the most dangerous fire season is in the spring after the snow
melts and before herbaceous and other vegetation has put forth new
leaves. This period varies from five to seven weeks, and the extent of the
danger depends upon the distribution of rainfall and the relative humidity of the air. The hazard is greatest in May.
The autumn fire season extends from the time of the first severe frost
until the ground is covered with snow. The greatest hazard is in October.
It may occur, however, in late September, in November, or in early December, depending upon weather conditions.
The protection of the Forest from fire is attained by patrol on particularly hazardous days, by having workmen employed on the Forest during
the fire season, by posting fire warnings along all boundaries and public
highways at frequent intervals, and by keeping the woods roads brushed
out and accessible to all parts of the Forest. The borders of the public
highways are kept clear of inflammable material by cutting and removing all herbaceous and other vegetation at least once each year (Plate I).
The main public highway is passed over a number of times daily by the
patrol employed by the state to keep it in order. As this man is a town
firewarden, a constant watch is kept for fires along the highway. Two state
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lookout stations, one on Mount Monadnock and the other just west of the
Keene line in the town of Westmoreland, overlook the Forest and report
fires on or near it to the town firewarden. Fires as they occur are reported
immediately to the fire departments of the towns of Swanzey and Keene.
Three fires on the Forest have been extinguished since 1920 by these departments. One small fire was put out by the firewarden and one by a
passer-by.
The woods roads are being improved, and each year greater mileage is
put into condition to permit the passage of trucks and light automobiles.
Hand pumps and other fire-fighting tools are kept at headquarters. The
.closest cooperation is maintained between the forest firewardens of Keene
and West Swanzey and the Forest officials.
Although many insects and animals inhabit the Forest and do more or
less damage, it is only in exceptional cases that the damage is sufficiently
great to make the expense incurred in combating animal and insect life
warranted. In most cases the cost would be out of proportion to the harm
done. The weevil-infested leaders in white pine plantations in open fields
have been removed and destroyed. In natural regeneration and in plantations in brush-covered areas, the damage by weevil is relatively unimportant.
On the whole, damage by fungi is of more concern. This is primarily
due to the place that white pine holds in the Forest and to the presence of
the white pine blister rust. Several species of Ribes indigenous and cultivated, are present in the region and spread the disease. The only method
of checking the damage to the pine is, by the removal of the Ribes in the
Forest and on the area immediately surrounding it. This eradication is
practiced at Io-year intervals in cooperation with the state. Two eradications have been made, and a third will be made in 1938.
The oaks and birches are in particular subject to more or less damage
by canker and other wood-rotting fungi. Excessive damage to growing
timber by these causes is overcome by sanitation methods, namely, by
close utilization ·in removing the topwood and branchwood in logging and
by the removal of infected trees in thinning operations.
Deer have done considerable damage to white pine both in plantations
and in natural stands. The damage takes place in stands under six feet in
height and in the winter when the snow is deep on the ground. When birch
and other hardwood browse is unavailable, the damage to white pine is
severe. Not infrequently the tops are taken out of from 60 to 100 per cent
J
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in damage from external agents and ,method of treatment, studies extending over long periods are essential for reliable data on growth. As growth
conditions in a well-managed forest frequently improve, there should be a
progressive increase in the annual growth in this Forest for some years to
come.
I t is not practical at this time to fix upon an annual cut for each year,
extending five or ten years into the future. Although the estimated annual
growth, the amount and distribution of the older age classes, and the silvicultural treatment practiced are carefully considered, the question of
market is an outstanding factor in rather arbitrarily fixing upon the cut
of any single year. So long as the average over a period of years is no
greater than that planned on the basis of growth, the final result is the
same.
OPERATION OF THE PROPERTY AS A DEMONSTRATION FOREST

The management of the Forest from the point of view of informing the
public, not only in the art of growing timber but also on the costs involved,
has become more and more a feature since 1922. The aim has been to encourage private forest owners, particularly woodlot owners and the owners
of other small forest properties, to visit this Forest at intervals, see the
operations under way, and confer with the foresters in residence there on
matters relating to the practice of forestry in their own forests. At all
times during the summer, approximately from June 15 to September 15, a
forester is available for showing visiting forest land owners and others
interested in the growing of timber the various silvicultural operations
under way and other activities that relate to the management of the property as a going forestry business.
The system of some twenty-five to thirty miles of maintained woods
roads and trails makes it possible for those visiting the Forest to reach all
parts of it and see the operations under way and the results accruing from
similar operations conducted in the past. Thus the visitor sees not only
what the various silvicultural operations are, but he is able to judge of
the results that flow from their practice. Not only are plantings, weedings,
release cuttings, thinnings, and final cuttings practiced, but the results of
the practice in each of these activities are explained. The forester in charge
who accompanies visitors over the Forest informs them of the costs and
receipts from the various operations. This is done in a manner that should
enable the private owner to judge better the economic possibilities from
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terested the .various silvicultural Dlethods practiced. After a lunch at headquarters a program on the more vital problems relating to the practice of
silviculture in New Hampshire is presented. In 1930 the field day attendance was approximately 100 people, among whom were foresters from
nearly all the New England states, members of the State Legislature,
county and town officials, representatives of the State Tax Commission
and of the State Forester's office. The greatest part of the attendance,
however, was composed of private forest land owners of New Hampshire.
In more recent years the Forest has served a special public service as a
center for meetings of various organizations interested in forestry. Among
organizations that have met on the Forest in recent years are the following:
I. The Yale School of Forestry Alumni Association.
2.
I

3·

"

4·

)

5·
6.

7·
8.
9·
10.

New England Section of the Society of American Foresters.
Field excursions from the New York State College of Forestry.
Massachusetts Forestry Association.
Society for the Protection of New Hampshire Forests.
New Hampshire Organization of County Agricultural Agents.
Delegations from boys' camps from various parts of New Hampshire.
Teachers and pupils from the New Hampshire State Normal School.
The New Hampshire Forest Fire Rangers Association.
The 4-H Clubs of New Hampshire.

The public relations work has for its primary objective the increase in
silvicultural practice on privately owned forest property, particularly in
southern New Hampshire. Experience has already shown that several of
the forest land owners who became familiar with the work on this Forest
have undertaken on their own property some of the silvicultural methods
observed here.
OPERATION OF THE PROPERTY AS A RESEARCH FOREST

As a demonstration forest requires the undertaking of various silvicultural and other woods operations and the faithful keeping of records, it
becomes in a real sense a research forest. Although research began on this
Forest in 1913 when it came into the possession of the University, it remained unorganized until 1922. The earlier investigative ' work centered
in the making of estimates of the standing timber and in the establishment
of sample plots. During this period much planting was done, weedings
were undertaken, some thinnings were made, and final cuttings had for
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or less heterogeneous character of the compartment, it has been necessary
to recognize an average of six stands with a maximum of nine to the compartment, as shown on the map.
The compartment lines as established in the field and recorded on the
map are permanent. Not so, however, with the stand lines within the compartment. The present stands will shift in position and area from time to
time and will increase or decrease in number with change in cover class
and age class. They are the smallest recognized units in the Forest.
So far as practical, natural features, such as the crest of ridges and
ravines, were used as boundaries between contiguous compartments. In
many cases, however, the more pronounced artificial features, such as permanent roads and trails, were taken as boundary lines. In a number of
instances other artificial lines had to be established between compartments. This was necessary when boundaries established by natural features and permanent artificial features such as roads, if adhered to, would
result in too small or too large compartments or when those boundaries
were of such irregular outline as to be impractical. Compartments separated by lines blazed through the Forest follow straight courses in order
to facilitate permanent marking.
All compartment corners are marked with 6-foot iron pipes, projecting
four feet above the ground and painted black, with the exception of two
feet at the top which is painted white. The number of the compartment is
painted in black on the white surface of the side of the pipe facing the
compartment.
The stands within the compartment are readily recognized on the
ground from differences in composition and age. As they are not permanent divisions but shift from time to time, boundary markers are not
employed in separating them in the field. The present boundaries (193 0 )
are shown on the map.
DESCRIPTION AND CURRENT TREATMENT OF THE COVER CLASSES.

In each of the cover classes described below, natural regeneration is depended on, so far as practicable, to keep the stands fully stocked. Planting has been resorted to in restocking old fields and in supplementary
stocking where for one reason or another natural stocking was incomplete.
The current treatment of the fourteen cover classes, as set forth in the
following pages, is by no means final. Added experience, the development
of new markets, changes in economic conditions and in the form in which
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methods. The aim is to attain, in natural reproduction, a mInImum of
2,000 well-distributed seedlings per acre and, in artificial reproduction, a
minimum of 1,000. A natural reproduction of 20,000 or more seedlings
per acre is often attained. This dense stocking is desirable when greater
cost is not involved and when dominance is sufficiently expressed to avoid
stagnation. This is usually the case in dense white pine reproduction except when it originates in a short interval of time on poor soil.
Although white pine has been planted over a total of 480 acres, with the
exception of a few acres formerly cultivated, this planting has been of a
supplementary nature to complete the stocking attained from natural seeding. The artificial regeneration' of white pine has been almost entirely by
planting 2-year seedlings from nursery stock grown in open seedbeds. It
has been found unnecessary to use transplant stock, even on old fields and
other exposed sites. The relatively low expense in attaining acceptable
stands by planting seedlings has made regeneration by direct seeding and
by using transplants uneconomical and impractical.
Nearly all existing stands of pure white pine on medium and good soils
formerly were composed of a gray birch overwood with an understory of
white pine varying from a few trees per acre to many thousands. The first
step in the treatment of these stands is to complete the stocking with pine
by underplanting. Later the overwood of birch is removed in a release
cutting at a profit of $.50 to $2 per cord. Later one to three weedings are
made, costing from $2 to $6 per acre. On the better soils where red maple
and other hardwoods are aggressive, two and even three weedings are required to bring through a relatively pure stand of white pine. So also on
soils where raw humus has accumulated and where the growth of pine is
slow, two or more weedings are necessary to establish a stand of pine.
Where a release cutting has been made on coarse sandy soils, one weeding is usually adequate. Although the pine survives under gray birch
(Plate 17), it makes very slow growth. Under more aggressive hardwoods
such as red maple, pine survival is fragmentary and forms but a mere
fraction of the later stand. It is believed that the money spent in a release
cutting (Plate 18) followed by early weedings will prove in the end to be
the most profitable of all the silvicultural operations in this Forest because
of the effect in increasing the proportion of pine in the stand and its faster
growth (Plate 19). This is particularly true of release cuttings where one
later weeding is sufficient to bring through a stand of pine. On typical
hardwood soils, with the exception of open fields, the expense incurred in
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bringing through a relatively pure stand of pine is believed to be unwarranted, and silvicultural treatment is directed toward bringing in hardwood and mixed stands in which white pine may be absent or may constitute a variable percentage of the crop trees.
When gray birch and other hardwood species have been underplanted
with white pine it has been the practice to remove the hardwoods from
over the pine within five years after planting. When the release cutting has
been delayed longer it has always been to the detriment of the crop trees.
Many acres have been brought into relatively pure white pine by underplanting stands of gray birch and other hardwoods only partially stocked
with pine and, later, removing the overwood in a release cutting followed
by one or more weedings (Plates 21 and 22).
In most instances the fuelwood removed in the release cutting has paid
the cost of its removal and, in some instances, the cost of the planting as
well. Underplanting stands of gray birch has cost from $6 to $10 per
acre, including the cost of the stock.
Weedings and release cuttings in white pine stands have been among the
outstanding silvicultural operations in the Forest during the past eighteen
years. The wood removed in release cuttings has been sold on the stump
for from $.50 to $2 per cord. The aggregate receipts from the fuelwood on
the stump, removed in release cuttings in natural stands, and from plantations established by underplanting during the past eighteen years have been
$1,857.45, or an average of $I.23 per cord. This has been adequate to pay
for later weeding operations. The competing hardwoods of natural origin
that overtop the ,pine must be kept back until the pines dominate the stand.
Weedings are repeated as they are necessary until the pine is established.
Thinnings are not made in the relatively pure stands of white pine until
the material removed considerably more than pays the cost of its removal.
Cuttings during the next decade call for the making of the first thinning
in the relatively even-aged stands now 31 to 40 years old, which comprise
more than one fourth of the area of the entire Forest. Heretofore, thinnings in pine stands have been chiefly in overstocked stands ·between 41
and 60 years old (Plate 23) in which 25 per cent of the volume has been
removed, producing an average net return of $43.90 per acre.
The best rotation for relatively pure, fully stocked stands of white pine
on this Forest has not been determined. From the standpoint of growth
and quality of product it is believed it should be extended to 70 to 90
years, with thinnings at approximately la-year intervals after the stands
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are 35 to 45 years old. Under existing carrying charges, however, due
primarily to the high real estate tax, a much shorter rotation, probably
between 45 and 60 years, is more profitable.
Selective cuttings are practiced in the uneven-aged stands and, to some
extent, in relatively even-aged stands, taking out the larger and more
valuable trees and the defective material and leaving a large part of the
stand on the ground for later cuttings (Plate 24). Natural reproduction
of pine in these stands is usually excellent. The frequency with which
cuttings can be made most profitably has not been determined.
The relatively pure and even-aged stands of white pine seldom reproduce satisfactorily after clear cutting. The advance reproduction on the
ground at the time of cutting seldom survives except at the margins of
brush heaps, and the ground becomes .overgrown with grass, shrubs, and
gray birch and, to some extent, with other hardwood species. In rare cases
when a heavy seed crop precedes the cutting and weather conditions the
following season are favorable, an acceptable stand of white pine is brought
in by clear cutting. Although clear cutting is the usual practice in harvesting white pine throughout southern New Hampshire, it is not practiced in this Forest, due to the uncertainty in attaining satisfactory natural reproduction. The method of cutting usually practiced in relatively
even-aged stands is the shelterwood (Plate 25), which removes the crop in
two cuttings. Sometimes the cutting is in groups, or in groups combined
with shelterwood. When there are patches of advance reproduction on the
ground sufficient for a new crop and the overwood can be safely removed
without injury to them, all the overwood is taken off in one cutting. Elsewhere in the stand when reproduction is absent or inadequate, a partial
cutting is made removing approximately 50 per cent of the stand. It is very
seldom necessary in this region to remove the stand in more than two cuttings in order to obtain satisfactory natural reproduction of white pine.
Although these pure stands of pine are merchantable for box boards,
bucket stock, and common lumber when relatively young, namely, 35 to
50 years old, 70 to 90 years are required on average soils to produce timber carrying a reasonable percentage in grades suitable for door and sash
stock and for window casings and general finishing purposes.
In selective logging in uneven-aged white pine stands, "wolf trees" are
taken out or girdled if allowed to remain (Plate 26). The space occupied
by them is entirely out of proportion to their value. In shelterwood cuttings they are removed in the first cutting.
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The stand released in the removal of hardwoods from over white pine
from natural origin is not always even-aged. Frequently various ages and
sizes are present. The relative abundance and sizes of the released pine
are largely dependent on the nature of the overwood, both as to species and
crown density.
The Red Pine Cover Class. Although red pine is indigenous to the
Forest, natural stands are relatively unimportant, due to their limited
area. They occur in a few places, an acre or less in area, on poor and
medium, coarse sandy soils. Red pine also occurs in clumps or as scattered
individuals in many white pine stands. When managed under rotations of
60 years or less, the logs when marketed brought, in 1930, the same price
as white pine grown under the same rotation. Under longer rotations when
there is a progressive increase in the quality of the lumber produced, white
pine logs are not only more readily sold, but bring a higher price in the
local market.
Because of the greater freedom of red pine from insect damage and
fungus diseases and, in particular, its more rapid early growth on poor
and medium soils, there has been some planting of this species in the
Forest. Pure plantations have been made on abandoned farm land (Plate
27) and on areas formerly lumbered but supporting a more or less dense
growth of gray birch and other inferior hardwoods under which the pine
was planted. The hardwoods were later removed.
, Treatment. Essentially the same silvicultural treatment is practiced in
developing stands of red pine as that practiced with white pine. The volume of red pine will rapidly increase during the next decade, as the
acreage of plantations entering diameter classes in which the trees are
above five inches d.b.h. is considerable. Even greater survival is attained
in planting red pine (2-0) nursery stock on this Forest than in planting
white pine (2-0). Transplants are unnecessary and are not used.
The White Pine-Red Pine Cover Class. The artificial regeneration
of white pine and red pine in mixture on this Forest is governed by the
quality of the soil. The white pine will outgrow and gradually suppress
the red on first quality sites and on the best second quality sites. On the
other hand, the exact reverse is true on third quality sites and on the
poorest second quality sites. On medium sites, as indicated by the Vaccinium ground cover, the two species are remarkably uniform in growth
and will likely continue so until the end of a 6o-year rotation.
Treatment. Although on some areas red pine has been brought in by
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planting in pure stands on old fields where the soil is poor, for the most
part this pine has been planted in mixture with white pine on medium
soils. In some cases the two species have been planted together in alternate
rows or in variously combined groups, but more often the red pine has
been utilized in underplanting existing stands of inferior hardwood already partly stocked with small white pine. Later the hardwoods have
been removed, leaving a mixed stand of white pine from natural seeding
and planted red pine (Plate 28). Some mixed stands established by planting both white and red pine on medium soils are now sixteen years old,
well stocked, and making rapid growth (Plate 29) . Other mixed stands of
white and red pine planted on poor, coarse sandy soils, now sixteen years
old, are completely dominated by the red pine. Natural reproduction in
mixed stands of white and red pine is favorable to the white pine, due to
its more abundant seedage. Even in the stands in which 80 per cent of
the ove:rwood is red pine, the reproduction is largely white pine. As the
natural regeneration of red pine is more difficult than the natural regeneration of whi~epine, there is greater need for planting in developing
relatively pure stands and for maintaining an adequate proportion of this
species in ·mixed stands.
The White Pine-Hemlock Cover Class. The White pine-Hemlock
stands are widely distributed over the Forest and are favored so far as
practical in silvicultural operations. As the hemlock makes somewhat slower
height growth than the pine and has a dense crown, it has an admirable
effect on the natural pruning of the pine. White pine, when grown in mixture with hemlock in this Forest, produces timber of much better quality,
due to its earlier and better self-pruning as compared with pine of the
same age in pure stands.
Treatment. In cutting White pine-Hemlock stands under the shelterwood or group shelterwood methods, experience indicates that the hemlock usually dominates in the reproduction, owing to its gre·a ter abundance
in the advanced growth on the ground when the cutting is made. In order
to get the best proportion of white pine in the new crop, at least one weeding must be made after the final cutting of the old stand. The best proportion of hemlock in this mixture, both from its silvicultural effect on the
pine and from its effect on the financial value of the crop, has not been determined. Financial considerations demand that the proportion of hemlock be kept reasonably low, probably below 20 per cent of the total volume. The low stumpage value of the hemlock compared with the pine will
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not compensate for the better form of the latter when a large percentage
of the stand is hemlock.
The White Pine-Spruce-Balsam Cover Class. This cover class is a
part of Compartment 18. It differs from the Spruce-Balsam cover class in
the considerable proportion of white pine in the mixture. The latter species
occurs on small hummocks and where the site is less swampy than in the
Spruce-Balsam. This cover class is uneven-aged and in places passes into
stands of White pine-Spruce-Balsam-Hardwood. It is given the same
silvicultural treatment as the stands of Spruce-Balsam, with special attention paid to the increased percentage of white pine in the mixture.
The
Pine-Spruce-Balsam-Hardwood Cover Class. This
cover class, like the former, is a swamp or lowland type and is but a few
acres in extent in Compartment 18. It is given the same silvicultural treatment as the former, with special effort made to increase the pine and the
spruce by selective logging and the removal of the swamp hardwoods as
fuelwood. The chief hardwoods are red maple, yellow birch, and black ash.
The Spruce-Balsam-Larch Cover Class. This cover class occurs over
limited areas in muck swamps and bordering streams in Compartments 4,
6, 12, and 18. It forms uneven-aged stands in which for the most part
spruce, balsam, and larch are dominant. This cover class is managed under
a system of selective logging. The larch has been largely removed on account of the damage from the larch sawfly (Lygaeone11Ultus erichsonii
Htg.). Release and improvement cuttings have not been attempted except
in the removal of inferior hardwoods for fuelwood.
The White Spruce Cover Class. White spruce is not indige.~ous to the
Forest. It was introduced in 1924 by planting an open field in Compartment 13. The plantation was made with 3-year-old transplants spaced
6 X 6 feet. The survival in 1928 was 82 per cent. As white spruce grows
more rapidly than red spruce, it was selected for this plantation in preference to the latter species which, to a limited extent, grows naturally in the
Forest. White spruce is indigenous in places in Cheshire County. This
cover class will not be extended by additional plantations, as the Forest
is much better suited for the production of pine than for spruce.
The Hemlock Cover Class. Relatively pure stands of hemlock occur
over small areas in Compartments 6, 8, 18, 19, and 20. Its development in
pure stand is not encouraged, due to its low stumpage value. Furthermore,
the topwood and branchwood is not marketable and, when left on the ground
in lumbering operations, seriously interferes with reproduction. This species
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occurs in pure stand, chiefly in moist situations on medium soils and on
rocky, moist slopes. It does not occur on poor, coarse sandy soils.
Treatment. Hemlock has a tendency to increase in its relative proportions to other species present in most cover classes unless checked by silvicultural treatment. Although most young stands have a relative~y small .
percentage of hemlock, the tendency for pure stands increases with successive rotations. This is largely due to the advanced growth of hemlock
on the ground when the old growth is removed. The natural regeneration
of hemlock is usually more than ample for maintaining it in acceptable
proportion when its presence in mixture with pine and other species is advisable.
The Alder Cover Class. Small areas of alder swamp occur in Compartments 10, II, 12, IS, and 18. Both the smooth alder (Alnus rugosa [Du
Roi] Spreng.) and the hoary alder (Alnus incana [L.] Moench.) occur
in these swamps, the former species being the larger and more abundant.
Both species are usually shrubs, only occasionally attaining the dimensions
of small trees. They are of no economic value, and the soil where they
occur is overwet, without drainage, for the profitable introduction of more
valuable species. It is believed that under present conditions expenditures
incurred in draining and stocking these alder swamps with species of
commercial value are not warranted.
The Hemlock-Hardwood Cover Class. The Hemlock-Hardwood
cover class occurs in the Forest only in one place in Compartment 2 I. It is
far less important and covers a much less area than the H ,e mlock-White
pine cover class and the Hemlock-White pine-Hardwood cover class. On
the whole, it is of minor importance.
The Hemlock-White Pine-Hardwood Cover Class. Due to lumbering for three centuries and the almost complete removal of the original
stands, very little virgin forest is found in this region. A notable exception is the small area of virgin forest in this climax form on Mount
Pisgah, some fifteen miles southwest from this Forest. Stands with this
climax composition, however, occur in Compartments 2, 4, 6, 9, I I, 1 S, and
17 (Plates 7 and 8).
Treatment. Wherever this cover class occurs it is more or less unevenaged, and the aim in management is to maintain a mixed forest of hemlock, pine, and the better hardwoods. Through selective logging the composition is shaped to retain the most suitable proportion of each in the
stand, with due regard for the marketability of the material removed. As
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only a portion of the stand is removed at anyone time in selective logging,
reproduction is excellent. The hardwood and pine tops are cut into 4-foot
lengths and sold for fuelwood and charcoal. The hemlock tops with their
numerous branches are a great hindrance to reproduction when left on
the ground. They can seldom be utilized, however, and where overabundant are lopped and scattered.
The Hardwood Cover Class. Cheshire County, in which the Forest
lies, is in the transition zone between the northern hardwoods typical of the
White Mountains farther north, in which beech, sugar maple, white ash,
yellow birch, basswood, and black cherry are characteristic, and the
southern New England hardwoods, in which several oaks, hickory, and
elm are characteristic. We find in the Forest two distinct types of upland
hardwoods. The more northern type is confined to the higher elevations on
the slopes of West Hill. ·The more southern type is widely distributed at
lower elevations. In addition to these two upland types of hardwoods,
swamp hardwoods of entirely different species occur over limited areas. The
dominant hardwoods in the swamp type are red maple, black ash, and elm.
The northern hardwood type, as a result of clear cutting in the past, is
relatively even-aged but with scattered defective individuals that were left
in the former cutting, as they had little or no stumpage value. These defective trees are often two or more feet in diameter and have widespreading crowns. They seriously interfere with the development of the younger
age classes. To some ·extent, particularly in Compartment 20, these trees
have been removed for fuelwood at a net profit of $.50 per cord. In other
compartments, however, they are less accessible and consequently unmarketable. If they cannot be removed without loss before 1935, they
should be girdled.
Treatment. In the northern hardwood type, even where the stand is removed by clear cutting, the new stand is usually very dense and of seed
origin, there being very little sprout reproduction. Usually sugar maple is
most abundant in the reproduction. In places, paper birch forms a considerable part of the stand (Plate 30). Beech is less abundant and usually
occurs in thickets, originating from root suckers. Red oak is frequent but
nowhere forms more than 10 per cent of the stand. It overtops the maple
and beech and is much larger in diameter although of the same age.
Throughout the northern hardwood type on this Forest numerous groups
of poplar, an acre or less in extent, occur. This species is found also as
scattered individuals intermingled with the other hardwoods. It comes in
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after clear cutting and begins to fail at 40 to 50 years of age. It is utilized
for pulp or excelsior when 25 to 40 years old and before black heart develops and renders it unmarketable.
These northern hardwood stands are greatly improved by thinnings
which remove the inferior species and individuals. The larger but defective trees left from the former cutting operations are removed. Thinnings
will be made where practical in these stands in Compartments 16, 17, 20,
and 21 within the next ten years. Much, however, will depend on the market for fuelwood and the possibility of making hardwood thinnings without economic loss. Paper birch, white ash, and red oak are the outstanding
species favored in thinnings in this type, the aim being to increase their
volume in the stand, because of their more rapid growth and higher stumpage value when large enough for sawlogs as compared with the other species
in the mixture.
The more southern hardwood upland stands, entirely without admixture
with white pine and other conifers, occur only on very restricted areas. In
Compartment 8 a small stand is entirely white oak~
The Hardwood-White Pine Cover Class. In the aggregate, a considerable acreage of this mixture is widely distributed over the Forest.
For the most part it is a temporary mixture of gray birch with white pine,
either from natural reproduction or brought in by planting pine beneath
the birch. Many stands of this cover class have been converted into relatively pure stands of pine within the past fifteen years. All existing stands
of this mixture are now in the process of conversion, with the exception of
those which contain hardwood species such as red and white oak, paper
birch, and other hardwoods of commercial importance which can be maintained in the stand to the end of the rotation. Such species are preferably
retained in groups rather than as scattered individuals, particularly if they
are of an older age class than the pine.
Although white pine grows well in this Forest in relatively pure stands
and apparently with little danger of soil deterioration, hardwoods are retained up to 10 per cent of the stand where they are present and are of
such character that they can be grown to the end of the rotation and be of
commercial importance. As gray birch, however, is a tree weed which disappears from pine stands of normal density when 35 to 55 years old, it is
not retained. It is believed that the great mechanical injury that this
species causes in pine stands in the pole stage by growing above the pine
and whipping the tops is not compensated for by the effect of the birch in
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AREA IN ACRES IN THE COVER CLASSES BY AGE CLASSES

The area of each age class in acres in each of the fourteen cover classes
is herein shown (Table VII). The age classes recognized are 1-20, 21-40,
41-60, 61-80, and uneven-aged. Although a considerable part of the Forest
is sufficiently even-aged to make it possible to recognize lo-year age classes,
it is believed to be more acceptable in operating the Forest and in the keeping of records to adhere to 2o-year classes. When two or more age classes
are recognized in the stand and when all ages are present, it is classified
as uneven-aged.
FOREST INVENTORIES4
EARLY INVENTORIES BY PURCHASE AREAS

A

ROUGH estimate of the volume of standing timber on each purchase
area was made prior to purchase as a basis for value. In 192 I an
inventory based on a 10 per cent field tally was taken of the eleven purchase areas then owned in Keene and Swanzey and having a total area of
706.6 acres. This inventory was made by Professor Ralph C. Hawley.
The inventory of 1921 was of the softwoods only. The volume of hardwoods on these lots was relatively insignificant and did not enter into the
stock-taking, as it was chiefly gray birch below 5 inches d.b.h., the minimum diameter considered in the inventory.
INVENTORY OF

1930

BY PURCHASE AREAS AND BY COMPARTMENTS

PROCEDURE.

The following was the procedure in taking the inventory in 1930. Magnetic east and west lines were run over the entire Forest at intervals of
330 feet, and the standing timber on a strip 33 feet wide on the north side
of the line was calipered down to I inch d.b.h. and listed on the tally
sheets in I-inch diameter classes. A separate sheet was used for each 100
feet of line and for each fraction of 100 feet where there was a change in
the cover class, in the age class, in the purchase area, or in the compartment.
The tally sheets were later assorted by compartments, and by cover
4 Professor H. H. Chapman supervised the working up of the field data of 1930
and the preparation of the tables relating to the forest inventories.
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Forest capital of these areas in 1930 with that nine years earlier. The strip
lines were taped and run with a staff compass. The tree 4 inches d.b.h. or
more, nearest the end of each tape length of 100 feet, was taken as a
sample tree. This tree was permanently marked with a metal tag attached
with a copper nail. Each sample tree was numbered for later identification
and the following data recorded: the number of the tree, the species, diameter, height, age, thickness of bark, and the width of the ten growth
rings nearest the bark.
The lines were permanently marked at each end with iron pipes and consecutively numbered, so that the same lines may be established in 1940
when the next inventory will be taken. By this procedure it is anticipated
that ten years hence the inventory will be based on the same trees measured
in 1930, but with due consideration given to the intervening cut and the
loss in trees through death. In recording the diameters on the tally sheets
in 1930, a record was taken of the calipered trees that will likely disappear
from the stand through death by 1940.
On each tally sheet there were also recorded the density of the stand by
ocular estimate, the intermediate vegetation and its relative abundance,
and the ground cover and its relative abundance. There were also recorded
the relative abundance of each species in the reproduction, the character
of and depth of litter, the surface rock (float and in place), and the soil
type.
COMPUTATIONS.

In working up the field data and computing the existing Forest capital
of the twenty-one compartments, and also of the eleven purchase areas,
five volume tables were used. (See Appendix, pages 83,84, 85, 86, and 87.)
In computing the present volume from the tally sheets, height curves
based on diameters were constructed separately for white pine, hemlock,
and mixed hardwoods in age classes as follows:
I-2o-year-old age class.
21-4o-year-old age class.
41-6o-year-old age class.
Uneven-aged class.
Heights for different ages in each diameter class were calculated for
white pine, hemlock, and mixed hardwoods, as shown in Tables XVI,
XVII, and XVIII. (See Appendix, pages 77, 78, and 79.)
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The volumes for white pine, red pine, and hemlock are shown separately
in the table. With the other conifers (pitch pine, spruce, fir, and larch) the
volumes are placed together, due to their relative unimportance."So also
the volumes for oak (red and white) and paper birch are shown separately. The volumes of the other hardwoods (gray, black, and yellow
birch, poplar, elm, beech, cherry, maple, basswood, and ash) are also
placed together, being of less importance than the oak and paper birch.
THE VOLUME

BY

SPECIES AND AGE CLASSES, ESTIMATE OF 1930

The total volume of growing stock in the twenty-one compartments has
been determined by species and age classes ( T able XI). During the next
decade final cuttings will be largely confined to the 41-60 age class and
thinnings, to the 21-40. Feet, board measure, is based on conifers five
inches d.b.h. and over and on hardwoods eight inches d.b.h. and over;
cubic feet of all species, five inches d.b.h. and over.

GROWTH5
INCREMENT (1921-1930) ON ELEVEN PURCHASE AREAS (706.6 ACRES)
BASED ON THE INVENTORIES OF 1921 AND 1930

T

HE inventories taken in 1921 and 1930 on the eleven purchase areas
owned in 1921 are tabulated in Table XII by lots. The intervening
cut from each lot in cubic feet over the period of the nine years is also
shown in the table. To the volume of timber on each lot in 1930 is added
the volume of the cut. The difference between this sum and that shown in
the inventory of 1921 is taken as the growth for the 9-year period as shown
in the table. The variation in the annual growth per acre on the eleven
lots is from 39 to 125 cubic feet, and the average for the entire 706.6
acres is 75 cubic feet.
PREDICTED GROWTH (1930-1940) IN CUBIC FEET ON 1,063.6 ACRES
IN TWENTY COMPARTMENTS
The predicted growth in cubic feet by compartments is shown in Table
XIII for the decade"1930-194°. In this prediction of growth, Compart(5

The data on growth were prepared under the direction of Professor H. H. Chap-

man.
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ment 21 and parts of Compartments 16 and 20, for which requisite field
data were lacking, are excluded. The total area on which the prediction is
made is 1,063.6 acres, as shown in the table.
In the prediction of growth the average age of the sample trees was the
basis for determining the age classes in each compartment. These trees
were bored for age at stump height to which three years were added. In
some instances, particularly in the young stands with scattered older trees,
where the bored trees were too few in number or too old to be a fair index
of the average age of a particular class, the age was determined arbitrarily from the evidence.
Yield Tables XXIV, XXV, XXVI, and XXVII (see Appendix, pages
91, 9 2, 93, and 94) were used in predicting growth. A curve was drawn for
each of these tables, and the yield from the curve was taken for the same
year as the age of the stand. The actual volume, first in feet, board measure, then in cubic feet, was divided by the yield derived from the curve to
get the per cent of stocking. This per cent was then taken of the normal
yield, separately for feet, board measure, and for cubic feet, for 10 years
in advance, taking the normal yield from the curve. The totals from the
stands, namely for the age classes in each cover class, were summed for
each compartment and for the entire area, as shown in the table.
The mean annual growth, based on the inventories of 1921 and 1930,
is 7S cubic feet per acre. The predicted mean annual growth from 1930 to
1940 is 62 cubic feet per acre. The relatively low predicted yield, as compared with that from inventories taken at intervals of time, may be partially accounted for as follows:
I. The predicted yield is based on the density of the stands in 1930. As
the stands will become progressively denser from 1930 to 1940 the predicted growth is over conservative.
2. The stands on the areas added to the Forest since 1921, which were
included in the estimate of 1930, contain a considerable percentage of
hardwoods which would reduce the annual growth per acre over that of
the eleven purc~ase areas estimated in 1921 and again in 1930.

Duly considering the above, the growth in this Forest for purposes of
valuation is tentatively placed between the predicted growth for 1930 to
1940 and the growth based on the inventories of 1921 and 1930, namely,
at an annual growth of 70 cubic feet per acre.
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FINANCIAL CONSIDERATIONS6
EXPENDITURES
PURCHASE PRICE BY LOTS AND ACCUMULATED PURCHASE PRICE.

The total area of the Forest in Keene and Swanzey in 193 0 was 1,149.3
acres. The data on the acreage owned each year, from 1913-1929 inclusive, are shown in Table XXVIII. (See Appendix, page 97.) In this
table the accumulated acreage by years, the purchase price, and the accumulated capital are also shown. The average cost per acre is $34.23+. The
cost varied widely, depending upon the merchantable volume of the growing stock on the several lots when purchased.
EXPENDITURES BY YEARS.

The expenditures incurred by years in the operation of the Forest are
shown in Table XXIX. (See Appendix, page 98.) This table classifies the
annual expenditures under taxes, protection, planting, weeding, cordwood,
logs, and miscellaneous. Costs of administration are not included in the
operation of the Forest. Over the period of the seventeen years there was
expended for taxes $6,973.21; for protection and roads, $1,811.03; for
planting, $2,676.98; for weeding, $1,347.60; for cutting and hauling cordwood, $5,456.59; for cutting and hauling logs, $6,802.77; and for miscellaneous costs in operation, $2,846.36. This makes a total of $27,914.54.
THE TAX BURDEN.

Taxes have been one of the major costs in the operation of the Forest
as shown in Table XXX. (See Appendix, page 99.) The table shows the
tax rate per thousand dollars of valuation by years, from 1914 to 1930 inclusive, also the taxes by years, the acreage owned by years, and the tax
per acre by years. The latter has varied from $.282 per acre in 1917 to
$.803 in 1930. There has been a progressive increase since 1917. The
average tax burden per acre per year, from 1914 to 1930, was $.5636; with
interest at 3 per cent, $.6520; and at 5 per cent, $.722.8.
RECEIPTS

The receipts by years are shown in Table XXXI (see Appendix, page
100) under the headings: logs, cordwood, standing fuelwood, topwood, and
6

Compiled by L. W. Rathbun.
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miscellaneous. Over the period of the seventeen years the receipts for the
several items were as follows: logs, $13,5°5.3°; cordwood,
standing fuelwood, $1,857.45; topwood, $244.13; and miscellaneous,
$486·76. This makes a total of $22,837.52 for products sold.
SUMMARY OF EXPENDITURES AND RECEIPTS

A summary of expenditures and receipts by years is shown in Table
XXXII. (See Appendix, page 101.) Including taxes in the list of expenditures, there is an accumulated deficit of $5,°77.02, or an average annual deficit of $298.64. Excluding taxes, there is an accumulated profit of
$1,896.19, or an average annual profit of $111.54.
AMOUNT OF DIFFERENT PRODUCTS SOLD AND PRICES

The preceding discussion with tables considers expenditures and receipts only, without reference to the volume or amount of the different
products sold. The yearly sales, with volume or quantity of products sold
and the receipts from the same, are shown in Table XXXIII. (See Appendix, page 102.)
The total logs sold, measured by the Humphrey scale, amounted to
1,143.78 cords, which brought a net of $6,702.53. This was equivalent to
an average stumpage of $5.86 per cord, or $12.20 delivered at the mill in
Keene. The total 4-foot wood sold stacked in the woods or delivered in
Keene was 1,341 standard cords, which brought a net of $1,499.57. 1 The
average stumpage for the 4-£00t cordwood sold was $1.12 per cord.
The number of cords of standing fuelwood, mostly gray birch and red
maple, sold was 1,504.2, which brought a net of $1,857.45, or an average
stumpage of $1.23 per cord. It is noteworthy that the average price obtained for the inferior gray birch and soft maple, usually of small size,
when sold on the stump was considerably higher than the net for the better
hardwoods of larger size when cut into 4-foot wood and sold in the woods
or delivered in Keene.
The 366.52 cords of limbwood and topwood sold were almost entirely
white pine, utilized at Swanzey for charcoal. This wood brought a net of
$244. 13, or an average of $.67 per cord.
1

Represents 63 cords sold but not delivered or paid for.
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small trees that might remain after the removal of the merchantable material as having much value unless immediately salable. This residual
value, however, for the cut..over land and the land from which no merchantable material could be harvested has a relatively high potential value
because of its nearness to Keene. This value is conservatively placed at
f,10 per acre, or
for the entire 1,149.3 acres. The total value of
the land and merchantable stock is, therefore, on this basis, $51,088.5°.
By referring to Table XXXVII it may be seen that the Forest has cost,
without interest, to January I, 1931, the sum of $44,497.02. Its valuation
as of January I, 1931, is $51,088.50. This is an increase in value over the
past 18 years of $6,591.48, or less than 1.5 per cent of its cost compounded
annually.
For the purpose of deriving a sustained yield value a much more difficult calculation is required, since predictions must be made for as much
as fifty or more years in the future. The test of these predictions is their
reasonableness in view of all the information that can be brought to bear
on the problem.
The growing stock on the Forest is still somewhat subnormal, and to
obtain a normal sustained yield it must be built up through a period of
years by cutting less than the increment. The present annual increment, as
explained on page 59, is placed at 70 cubic feet (0.7 cord) per acre, or
approximately 800 cords for the entire 1,149.3 acres. A plan for the regulation of the cut is given in tabular form in Table XV.
In the tabular statement shown in Table XV, the age classes are given
in the order in which they logically may be expected to be cut. An endeavor is made to provide for a cut of approximately the same area each
decade, so that sustained yield may be obtained as quickly as possible. The
present volume is given in each case, as well as the increment to the mid
point of each decade. The total of the present volume and increment as
shown in the table is the allowed cut for the decade. In each la-year
period the allowed cut is less than the increment (8,000 cords), and thus
the growing stock is being built up throughout the fifty years covered by
the statement.
The indicated rotation of fifty years is slightly longer than that commonly used in New Hampshire for white pine on farm woodlots, but
farmers perhaps cut their timber even before the time of greatest financial
returns and, of course, much before the time of greatest forest rent. A
50-year rotation is shorter than one of greatest forest rent, but it will yield
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terest; at compound interest at 3 per cent,
and at 5 per cent,
(Table XXXVII). Its sale value, based on the immediate removal of all merchantable material and the disposal of the denuded land
at the average price of the past ten years (1921-1930), is $51,088.50.
At the present valuation (December 31, 1930) of $51,088.50 with values
based on the average of the preceding ten years, the property has earned
$6,59 I above its actual cost without interest. With interest at 3 per cent
there has been a loss of
and at 5 per cent, a loss of
If the
predicted growth on this Forest is reasonably correct and the management
and operation costs as herein stated, if the taxes continue at their present
high level and the stumpage values at the average of the past ten years, the
highest possible future earning on the cost of the Forest to date at 3 per
cent will be slightly more than 2.5 per cent.

DETERMINING THE ROTATION OF HIGHEST
SOIL RENT
HE age class distribution on the Forest shows 507 acres 21-40 years
old, with an average volume per acre of 8.3 cords, and 215 acres
41-60 years old, with an average volume of 22.1 cords. The rotation of
highest soil rent probably lies somewhere in the field covered by these two
age classes.
Since little or no expense was incurred in taking care of the Forest
prior to its acquisition by Yale, the stands are understocked. The volume
in the 21-40 age class, for instance, represents a mean annual growth of
but 0.28 of a cord per acre over an average 30-year period, while the
volume in the 41-60 age class represents a mean annual growth of only
0.44 of a cord over an average 50-year period. Since the present expected
annual growth averages 0.7 of a cord per acre for the entire Forest, it
will be seen that the existing volume per acre is much lower than if the
Forest had been under management fifty or sixty years instead of eighteen.
For the purpose of computing the financial rotation under management,
the existing volumes per acre are increased by 60 per cent. The mean
annual growth will then be approximately 0.7 of a cord at fifty years.

T
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APPENDIX
REFERENCES TO VOLUME TABLES USED IN WORKING Up
THE FIELD DATA

I. For estimating the volume of white pine in feet, board measure,
Bulletin 13, U.S.D.A., Table 24, was used. This is Margolin's table for
southern New Hampshire, which gives the contents of trees down to a
s-inch top, based on actual mill tal1i~s in which 60 per cent of the lumber
was round-edged and 40 per cent square-edged; 70 per cent I-inch boards
and 30 per cent 2.%-inch planks.
2. For estimating the volume of white pine in cubic feet, Bulletin 13,
U.S.D.A., Table 27, was used. This is from Forest Mensuration of White
Pine in Massachusetts by Harold O. Cook. The table gives the contents
of trees to a 4-inch top and allows a 6-inch stump.
3. For estimating the volume of hardwoods in cubic feet, Bulletin 17,
Yale School of Forestry, Table XVIII, form class 65, was used. The
table gives the contents of trees, including bark, to a 2-inch top and allows
a stump equal to I per cent of the tree height.
4. For estimating the volume of hardwoods in feet, board measure,
Bulletin 17, Yale School of Forestry, Table XXII, form class 65, was
used. The table gives the contents of trees to a 6-inch top and allows a
I-foot stump. The average log length taken is 12 feet.

TABLES OF HEIGHTS ON DIAMETERS FOR
DIFFERENT AGE CLASSES

TABLES OF HEIGHTS ON DIAMETERS
TABLE XVI
HEIGHTS ON DIAMETERS FOR DIFFERENT AGE CLASSES
OF WHITE PINE
Age classes in years
Diameters in
inches d.b.h.

1-20

21-40

4 1-60

61-80

Uneven-aged

Height
in feel

Height
in feel

Height
in feet

Height
in feet

Height
in feet

5

20.0

28.0

36 .5

44·0

31 . 0

6

23·0

32 .0

39·5

47·0

37·5

7

26·5

35·0

4 2 .5

49·0

41.0

8

30 .0

37·0

45·5

52 .0

44. 0

9

33·0

39·5

48.0

54·5

47. 0

10

42 .0

51.0

57. 0

50. 0

II

44·5

53·0

59·5

53. 0

12

47·0

56.0

62.0

56 . 0

13

49.0

58·5

64·0

58·5

14

51.0

61.0

66.0

61.0

15

53·5

63·0

68·5

63. 0

16

56.0

65.0

70·5

65·0

17

59·0

67·5

73·0

67·5

18

61.0

69·5

75·0

69·5

19

71·5

71·5

20

74·0

74·0

21

76.0

76.0

22

78·5

78·5

23

80·5

80·5

24
25
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TABLES OF LOCAL VOLUMES BASED ON D.B.H.

r

YIELD TABLES USED IN PREDICTING GROWTH

TABLES RELATING TO THE FINANCIAL ASPECTS
OF T'H E FOREST

PLATES

PLATE

1.

A STAND OF WHITE PINE

A PURE 'white pine stand on a poor site bordering the \Vinchester
high\vay.The vie\v sho\vsthe Carey .lot at the right (ColnpartInent 12) and the Bid\velllot at the left (COlnpartment 13). The
stand at the right issome\vhat irregular, occasional trees reach,;.
ing an age of 70 years and a diameter of 26 inches. l'he lllajor
part of the stand is under 40 years of age. The stand at the left
is approximately of the saIne age.
Compartments 12 and 13.
Cover class: vVhite pine.
Age class: 2 I-40.

PL.A.TE

2.

f\N ()LD GRO\VI'H vVHI'I'E PINE; .A.

RI~l\INANT

'F ROM THE VIRGIN FOREST

is the ·largest and lnost sylnn1etrical white pine in the Den1onstration and Research Forest. It is full-boled, 32 inches in
dialneter, and approxilnately 100 feet high. It 'is clear of lilnbs
for 62 feet and is gro\ving on an interlnediate site in l11ixture
\vith hemlock and hardwoods. The ground cover is chiefly
bracken, lo\v bush blueberry, and various herbs. Very fevv stands
in 'Cheshire County contain pines of this form and size.

THIS

Compartment IS.
Cover class.: Hen11ock-White pine-Hard\yood.
Age class: 61-80.

PL.A. TE 3. A YOUNG STAND OF

PLANTED WHITE PINE
THIS

young stand of .planted \vhite pine is overtopped at the left

by gray birch, red maple, and other \veed species. At the right the

\veed species have been renl0ved, exposing the . pine. On Inost of
the soils in this Forest \veedings are essential in order to attain
well-stocked pine stands of high value. Note the height of the
\veed .species as compared \vith the pine. They are both of the
same age.
Conlpartment 6.
Cover class: \Vhite pine-Hard\vood,
.A.ge .class: 1-20.

PLATE 5. 1\. S'"fAND OF'FULLY SI'OCKED WHITE
PINE ON .A. FIRST QUi\.LITY SITE
stand of fully stocked ,vhite pine from natural regeneration
follo\ving logging has just passed out of the 1-20-year-old age
class. The maxilllulll diameter of the trees is 8 inches and the
11laxinlum height 34 feet. Note the herbaceous ground cover,
chiefly ferns. This is an excellent and very rapidly gro\ving young
forest \vith the stems sufficiently differentiated as to cro\vn-spread
and diarneter to lnake early thinnings unnecessary. rfhe stand
\vas released from · overstanding birch and other \veed species in
1920. It requires no further attention until approximately 35 to
40 years · of age, \vhen it should be possible to make a thinning
at considerable profit.
'rHIS

COlnpartrnent 14.
Cover .class: \t\7hite pine.
Age class: 21-40.

PLATE 6. A DENSE ST.A.ND OF GRl\.YBIRCH \tVIT'H
.A.N UNDERSTORY OF \tVRITE PINE
A VERY dense stand of gray birch \vith 4,000 to 7,000 trees per
acre. The stand is IS to 20 years old. ~1aximum d.b.h. is 4 inches.
A part of this stand \vas renloved in 1930-3 I at a net profit of
$.50 per cord. T'he birch on the area in the foreground was cut
in 1929-1930 at a net profit of $1 per cord. Note the young
white pine,. approxilnately 700 per acre, uncovered in the removal
of the birch. A \veeding \-vill be required in 1934 or 1935 in
order to attain a fully stocked stand of pine.
Compartment 13.
Cover class: \Vhite pine-Hard\vood.
Age class: 1.:....20.

NUMBER ONE.

NUMBER T\vo.

PLATE

12.

A RED PINE PLA.NI'ATION IN

T\VO STJ\GES OF DEVELOPMENT
NUlVIBER I . . This photograph sho\vs gray birch and other inferior
hard\voods in dense stand under vvhich red pine (2-0) \vas
planted in 1916. Photographed in 1922.

NUl\lBER.2. The same stand 16 years later. T'he pine survived
beneath thehard\voods shown in Number I, but gre\v slo\vly. It
\vas uncovered by the removal of the hard\voods in 1924. T'he
\vood removed barely paid the cost of its removal. .A. \veeding \vas
luade in 1928 just before the photograph \vas taken and resulted
in a relatively pure stand of red pine adequately stocked and
\vell distributed. The luaximunl height \vhen photographed \vas
12 feet; the average height approxinlately 7.5 feet.

Conlpartment 6.
Cover classes; (2) Red pine, (1) Red pine-Hard'Nood.
Route 2, No. 32.

NUl\lBER ONE.

NUMBER T\VO,

NUMBER ONE.

NUMBER TvYQ.

PLAI'E 16. A NATURAL STAND OF WHITE PINE
IMPRO,lED BY A RELEASE CUTTING
photograph sho\vs a part of the same stand illustrated in
Plate 15, but \vhere a release cutting\vas made in 1926 which removed an open over\vood of gray birch. The present excellency of
this relatively pure stand of white pine fronl natural regeneration
is due, first, to its gro\vingintermingled with gray birch sufficiently ,vide-spaced to permit the pine to gro\v up into the cro\vns
of the birch; second, to the reilloval of the birch \vhen the tops of
the pine began to be badly \vhipped and injured by the birch.
l'he sterns are \vell distributed,and dominance is adequately expressed to make thinnings unnecessary before 1950.
THIS

Compartment IS.
Cover class :vVhite pine.
Age class: 1-20.

NUMBER ONE.

NUMBER

T\vo.
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